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This is .a study of multiparticle production induced by the 

proton-proton collision at 102 GeV/c. As to the multiparticle 

production due to the hadron-hadron interaction, many works have 

been done. Through these elaborated works, it has become much more 

convincing that the multiparticle production goes through some 

intermediate states called frequently as clusterl · 4). To make 

clear the "nature of this clustering, many works have been done also. 

However, it is still ~nsolved and one of the most important problems 

in the multiparticle production. 

Recently, a charge transfer between two groups of charged 

particles divided by the forward-backward hemisphere in the center 

-of-mass system for the proton-proton collision is studied and 

shown that the transfered charge between them is mostly neutralS). 
- I 

In this work, a charge transfer at the maximum gap of the rapidity 

space is studied, that is# charge transfer at the gap where the 

difference of the rapidity between neighbouring charged particles 

in each event is maximum and it is found that the transfered charge 

at the maximum gap is mainly neutral. 

'rhe analysis is done using the 3K pictures of the 30 II liquid 

hydrogen bubble chamber film taken at the Fermi National Accelerator 

Laboratory. The nominal momentum of the proton is 102 + 1 GeV/c. 

The scanning is made twice to detect the events of all topologies 

induced by the incident proton. The detection efficiency evaluated 

from this double scanning is 99.4 percent. The total number of 

events detected is 1290, among which 1009 events have 4 or more 

1"'""-. prongs. The total cross section for 1290 events is 38.1 + 1.6 rob. 
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~. For each charged particle, the rapidity,~, is ass~nged and 

lined up in every event according to its magnitude as, 

< \t -no;.. 
n is the charged multiplicity. The rapidity is evaluated c 

G
using the relation, ~ = - In tan 2 , where e is the emission angle 

of the charged particle in the laboratory system. The maximum gap 

in the rapidity space is defined as, at this gap, the difference 

of the rapidity, 4 t i = ~ i+l - ~ i' has the maximum value denoting 

In Fig.l, the distribution of the gap number i at max 

which the maximum gap of each event is observed is shown separately 

in prong number. In this figure, the maximum gap whose 4 'vi -value·L max 

satisfies the condition of ~ i'l > Yin is emploved. The Y means . \ max c 

the total width of the rapidity space. The total width depends on 

~1e total energy of intereaction and on the transverse masses of 

secondary particles under consideration. Moreover, empirically it 

depends also on the multiplicity. In this analysis, a relation, 

5 
y = - 14 ( n - 4 ) + 10, is used. This relation is derived usingc 

the results of the present analysis, that is, the rapidity 

distribution for each charged multiplicity for the 102 GeV/c 

proton-proton collision. As shown in Fig.l, the maximum gap is 

likely to appear at the gap n~~er i = 1 or n -1 where the gap n~~er c 

i P.l.Gans the gap with .L't i = ~ i+l - ~ i' This tendency holds even 

in relatively high multiplicity. 

In Fig.2, the correlation between the positions of the first and 

the second maxima among the rapidity gaps in each event, that is, 

~ the correlation between i and is shown. In Fig.3, the max i 2nd -, 
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I""'" correlation bet\'leen the rapidity differences at these two gaps,� 

.c nand 4 1 2nd' is given • In Fig.2, the correlation between�, mc:x 

lmax and is not recognized. In this figure, only the eventsi 2nd 

VIi th .c. \1 Taax> Y/n are adop:ted. In Fig. 3, all of the eventsc 

(without any limitation to .Q.1 -value) are used. According to 
max 

the ffiultiperipheral model, the spacing of the rapidity is expected 

to be near.ly equal, that is,.c.J}7 C:: Lli'l2 d. Fig. 3 does not support
~max l n� 

this prediction.� 

In Fig.4, the distribution of charge transfer, ~Q, at the maximum 

gap is shown. Dotted lines in the figure represent the results 

calculated by a random (uncorrelated) distribution of the rapidity. 

The hypothesis of the short-range order gives also approximately 

the same results. It is confirmed, moreover, that the phase space 

ca.lculation in which the t-cut (t is the squared four-momentum 

transfer of the leading particle) and the contribution of ~Oby the 

charge inqependenceare taken into account gives consistent results 

\'1ith.those calculated by the random distribution. In Fig.S,·· ·t~le 

correlation between the charge transfer, ~ Q, and the first maximum 

crap number i is shown. It is clearly seen that, at i = 1 or ., max max 

n -1, ~ Q = 0 is enhanced. Therefore, it can be stated that the c 

experimental distribution of charge transfer·at i = 1 or n -1 
max c 

has a.strong ·peak at 6Q = O. Such a feature is seen at the 28.5 

GeV/c proton-proton interaction. This is shown in Fig.6. 
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Figure Captions 

Fig .1. Distribution for the maximum gap number, i , where the 
max 

rapidity difference be~leen neighbouring charged particles in 

the rapidity space shows the maximum. 

Fig.2. Distribution for the number of events, each of which has 

the first maximum at the gap number, i , and the second maximax 

mum at i 2nd . 

Fig.3. Distribution for the number of events with the rapidity 

differences of 4¥; for the first maximum and of ~"1.2nd for the\ max . 

second one. 

Fig.4. Distribution for charge transfer,.6Q, at the maximum gap. 

Fig.5 Correlation between charge transfer,.ll Q, and the maximum 

gap number, i • The distributed numerical values represent
max 

the number of events. 

Fig.6. Corre lation between charge transfer,,a. Q, and the maximum 

gap nunmer, i , for the proton-proton interaction at 28.5 GeV/c. . max 
The distributed numerical values represent the nurnber of events. 



..� ,� 

(a) n" 4 (h) n = 6e . (c) n 8l:l e c� 

50� 

u 
~~ 

g
::
w 
~ 

o . 
o 
~ ~ -, r . '--"t--... 

t---.._~..-.t..,.. d-..,. '~''''-.  I I _" _,~,",_.'_~l·.'·..·.·.!_",,,,,,,,,,,,-:!,,,,,,,,,,,,,,,,,,,__t-.... _"o:'."'·_~~"'.~ 

1 2 3 1 2 3 4 5 1 2 3 4 5 6 7 

\WC 

(d) n = 10 (e) n = 12c c 

[ ~=-=-::  '=:~ _C:=J 
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 10 11 

.. 

.' Fig. 1 

(I ( ( 



, . . .. 
"(a) :l = 4 (b) n = 6 (c) r. = 8�c c c 

. 

"� 2 5�1 9 25 1 4 ). 5 111 1 2 3 3� 
~ 

6 I�I�
N 

.,; 2 17 19 2 9 2 3 10 . 2 3 2 1 6 ~
 

3 110 9 3 6 4 1 (, 3 3 2 1 3 3� I�1, 6 2 2 7 4 2 2 1 1 2 2 I�1 2 3� i� .,; 5 7 1 6 3 5 1 1 2 1�-:·L\X ..J 

• 
6 3 1 5�1 2 3 4 5� 
7 8 3 1 5� 

1 2 3 4 5 6 7� 

(d) n = 10 
c 

1 3 2 1 3 7 6� 
.,2 .. 1 1 4� 

3 2 1�~ 
4 1 2� 

5 1 1 3� 

6 1� 

7 3 1 1 1� 

8 4 2 1 1 1 2� 

9 4 2 1 2� 

1 2 J 4 5 6 7 8 9� 

Fig" 2� 



r" i 1. 
(a \ ! a = 4 (h)) i 

C n = 6 
! C 

~ i 1 1� 
oJ 

I
r 

1 1� 
2�I� 

! 1�I� 
""0 

, 1 1 11�I� 
rl 
h 2 11� 

s:::....... 2 ~ 2 l�
.-~ 

[;221 31 1 1 1� I ,�
! 1 1211 1 5 1 J..� 

... 1121 2 23 1 1 331111321� 
1�I .... 

rj

5 12 1212 1 1 1 

1 

273131 1 1 1�I� 
3411 3 31 1 1 6151221211�1 ~ 1�

I� 313 14 223 1121 225222311 4 1 1�I� 
r 1 121 1 lUll 2 12452424213 321� 
I� 21222 1211 1 1 12 2 21142111 1 1 1�I1 1 3 3111� 2 221 22 311 1 1� 
1 112 1 1 1 1 1 1� 

I ! ! 

1 2 3 " 5 6 1 2 3 4 5� 

~~NAX 
- j 

,-.,. . 
(c) n ::: 8· (d) n = 10� c c

I� 
~ I 1� 
L ... 2 r 1�I

I 11 11 1� 
I 11 III 1 1� 

I� 223311 2 1 1 1� 
34322121 1 2212 1�1 1�l3B 32 1 1 1 1 172 441�r 334331 13 1 56522211� 

'l1??I• -y--- 12121 I 11 33332 1� 
I 21 112 1 1�
I
I 

1� 

1 2 3 4 5 6 1 2 3 4 5� 

Fig. 3� 

aseifrid
Text Box
Figure 4 is missing.



---

'._~.
 

)� 

.. . 

!) .,)~ 
 

(d) n 10�I:: 

c 

-r--
(c) n c: 8 1 2 12 /�

c 
2 1 1 2� 

......-I-
(b) n "" 6 1 1 18 3 2 2� c� 

2 8 2 4 1 2� 
-

(a) 11 "" 4' 1 4 24 3 3 2 1 5 2� 
c� 

2 5 5 4 3 1 6 2� _._-
1 1 26 3 1 9 1 5 1 6 7 1� 41~_i_.- ~ 2 12 6 4 7 4 1 6 9 7 1 8� ...(... 4 8 ~


3 44 5 34 7 21 II 9 8 10� 
-�

-2 -1 0 +1 +2 -2 -1 0 +1 +2 +3 -2 -1 0 +1 +2 +3 -3 -2 -1 0 +1 +2� 

charge tr.ansfer /). Q 

Fig. 5� 

l 



- -

--

-",''1'''''' ,..-.- ..,..---->-,....
_··,····.".:'~T .....,'·~A.~ :""""~""_. ~--~---.-~~----_ .._.. ---_.- '" ...-.... .._-- .._......_.~.  ._~ .. ..•_.•..:..:.... - __L..._. .'. 

;~) J 1 
,t!::. 
,. 
. " 

(d) n'" 10� c 

.._,------ 
, (c)· n ::; 8 1 9� 

c 1--. -- - I---
2 4� 
~. .

(b) n = 6 1 18 21 3 J.� c .. .•
2 I 10 2 4 1� 

t I I I I I� -
(a) n::= 4 1 9 50 3 1 1 5� 

c� 
2 18 7 4 1 1 6 1� 

1 10 65 3 3 13 1 5 3 7 7 2�._-
~ 2 30 11 4 18 14 6 3 8 1 8 2� 

'M 

3 163 5 87 13 7 35 11 9 7 2� 
. 

-2 -1 0 1 2 -2 -1 0 1 2 -3 -2 -1 0 1 2 3 -2 -1 0 1 2 

cha1;"BC transfer AQ 

Fig. 6� 

\ 

l'� 




